Abstract Although the number of older adults who are arrested and subject to incarceration in jail is rising dramatically, little is known about their emergency department (ED) use or the factors associated with that use. This lack of knowledge impairs the ability to design evidence-based approaches to care that would meet the needs of this population. This 6-month longitudinal study aimed to determine the frequency of 6-month ED use among 101 adults aged 55 or older enrolled while in jail and to identify factors associated with that use. The primary outcome was self-reported emergency department use within 6 months from baseline. Additional measures included baseline socio-demographics, physical and mental health conditions, geriatric factors (e.g., recent falls, incontinence, functional impairment, concern about post-release safety), symptoms (pain and other symptoms), and behavioral and social health risk factors (e.g., substance use disorders, recent homelessness). Chi-square tests were used to identify baseline factors associated with ED use over 6 months. Participants (average age 60) reported high rates of multimorbidity (61%), functional impairment (57%), pain (52%), serious mental illness (44%), recent homelessness (54%), and/or substance use disorders (69%). At 6 months, 46% had visited the ED at least once; 21% visited multiple times. Factors associated with ED use included multimorbidity (p = 0.01), functional impairment (p = 0.02), hepatitis C infection (p = 0.01), a recent fall (p = 0.03), pain (p < 0.001), loneliness (p = 0.04), and safety concerns (p = 0.01). In this population of older adults in a county jail, geriatric conditions and distressing symptoms were common and associated with 6-month community ED use. Jail is an important setting to develop geriatric care paradigms aimed at addressing comorbid medical, functional, and behavioral health needs and symptomatology in an effort to improve care and decrease ED use in the growing population of criminal justice-involved older adults.
Introduction
Older adults are among the fastest growing subpopulations in the criminal justice system. While the arrest rate for adults age 18-54 fell by 11% from 2002 to 2012, it rose 27% among adults age 55 or older, resulting in more than 600,000 arrests of older adults in 2012, the last year for which such data are publically available [1] . Adults in the criminal justice system are generally considered Bolder^in their 50s due to a disproportionately high prevalence of early-onset multimorbidity and disability [2] [3] [4] [5] . The great majority of people whose arrest leads to an incarceration will spend time either awaiting trial or serving their sentence in a local jail (compared to prisons, which are typically used for people serving sentences of one or more years) [6] . Over 95% of those in jail return to the community within 6 months [4] . While there is increasing interest in understanding and improving the health of criminal justice-involved populations [7, 8] , few jail health studies focus on older adults.
Understanding the health and healthcare utilization patterns of older adults cycling in and out of jail is critical in developing cost-efficient care models that meet their needs across the healthcare continuum and reducing costly acute care utilization. Among older adults in general, emergency department (ED) use is often a marker for unmet physical, social, and psychological symptom control, and results in high healthcare costs [9] [10] [11] [12] . A study of older jail inmates found that over half (56%) reported using the ED in the 3 months prior to their arrest [13] . Health and health-related factors common in older jail inmates (e.g., multimorbidity, functional impairment, distressing symptoms, and homelessness) are associated with ED use in community-dwelling older adults [2, 3, [13] [14] [15] [16] [17] [18] [19] . In addition, ED use in the short period following release from jail or prison is common among persons of all ages [20, 21] . However, studies have not described the frequency or unique drivers of ED use among criminal justice-involved older adults.
Evidence from incarceration-to-community transitional care programs has shown promise for improving the health of criminal justice-involved populations [22, 23] , including the potential to prevent unnecessary ED use [24] [25] [26] [27] [28] . Yet, little longitudinal research with this medically vulnerable population of older adults has been conducted and no such clinical programs have been developed to specifically meet their needs. An important first step in developing in-jail and transitional care models for these individuals is to understand the frequency of their ED use following incarceration and to identify the baseline factors associated with such use. Therefore, this study demonstrates methods for conducting longitudinal research with this population, describes the frequency of 6-month ED use following jail incarceration in a cohort of older adults, and assesses the baseline medical, geriatric, and behavioral health factors associated with that use.
Methods

Study Design and Sample
This longitudinal cohort study enrolled older adults (age 55 or older) in an urban county jail between March and August 2015 to explore the prevalence of and outcomes associated with symptom burden in multiple domains (i.e., physical, psychological, spiritual), chronic geriatric conditions, and chronic health conditions in this understudied population. To do so, we conducted monthly check-in and follow-up interviews for 6 months from the baseline interview. Relevant socio-demographic, social, behavioral health, and healthcare utilization factors were also explored. Consistent with other studies, age 55 was used to define Bolder^adults because of the disproportionately high rates of early-onset multimorbidity and disability that are common in criminal justice-involved populations [2] [3] [4] [5] .
Study eligibility included having been incarcerated for at least 48 h, being deemed not to pose a safety risk by the sheriff's deputy on duty, and speaking English or Spanish. The 48-h requirement was used because jail inmates are often in transit or have court appearances within 48 h of arrest and are therefore not available to participate in a research study. Research consent was obtained using a teach-to-goal method, an approach to achieving informed consent in studies that enroll older adults with low literacy [29, 30] . Native-speaking interviewers read questionnaires to participants in private interview rooms, and responses were transcribed by the interviewer.
To enhance retention, all participants received a monthly Bcheck-in^appointment. Interviews conducted at months 1, 3, and 6 from baseline were identical to the baseline interview. Check-ins were conducted at months 2 and 5 from the baseline interview and included brief questions about healthcare utilization since the participant's last contact with the study. All participants who completed the baseline and 6-month interviews were considered to have completed the study even if they did not complete every monthly check-in or follow-up interview.
Community-based interviews (following release from jail) were completed in a private universityaffiliated clinical research office in the central urban neighborhood to which many participants returned following their release. For those who were not released or who were re-incarcerated during the study, interviews were conducted in a private room in the jail. Consistent with federal regulations governing human subject research involving prisoners and relevant ethical considerations [31] , participants received $20 per completed interview. For jail-based interviews, the $20 was placed in the participant's jail canteen account and could be used in jail or received as cash upon release. This study was approved by the Human Research Protection Program at the University of California, San Francisco.
Measures
Emergency Department Use
This study's primary outcome was 6-month community ED use, defined as an answer of BYes^to the question, BSince we last interviewed you, did you visit a hospital emergency room?^during any of the monthly check-in or follow-up interviews. We also assessed hospitalization (BDid you stay overnight in the hospital?^) and clinic visits (BDid you receive healthcare from a community clinic?^) over the 6-month period. It was possible for participants to use the ED or be hospitalized while in jail, for example, in the case of a fracture resulting from a fall. Self-reports of ED use, hospitalization, and clinic use have been validated among the previously incarcerated and those experiencing homelessness [32, 33] . Deaths occurring over the 6-month follow-up period were coded as having used the ED, and study involvement was censored at the time of death. Participants who missed a monthly follow-up or check-in interview were prompted by interviewers at their next study contact to remember when their last study contact took place and report any ED visits or hospitalizations since that time.
Socio-demographics
Self-reported baseline socio-demographics included age, race/ethnicity, gender, income, and education level. Annual income was categorized as above or below $15,000 because this is the approximate eligibility criterion for receiving income-related Medicaid (133% below the federal poverty line) [33] . Baseline homelessness was defined as spending at least one night outside or in a homeless shelter within 30 days prior to arrest [34] .
Medical and Behavioral Health
Baseline chronic conditions were assessed using a combination of jail medical record review and self-report via validated questions from the Health and Retirement Study (HRS) [35] . Self-report of medical conditions is well-validated in older populations and among the homeless [32, 36] . Jail medical record review was used to increase detection of diagnoses for those participants who do not know their medical conditions. Serious mental illness was defined using the Bureau of Justice Statistics' definition (any major depressive, mania, or psychotic disorder) and was also determined using a combination of self-report and jail medical record review [37] . Drug use was determined using the validated Drug Abuse Screening Test-10 (DAST-10) and defined as any Bmoderate,^Bsubstantial,^or Bsevere^drug use [38] . Because the DAST-10 does not assess specific drug use, affirmative responses describe any type of use that the participant feels significant enough to report (including even cannabis use). Problem alcohol use was defined as a positive screen for Bhazardous drinking^or having an Bactive alcohol use disorder^using the threeitem Modified Alcohol Use Disorders Identification Test (AUDIT-C) [39] .
Geriatric Conditions
Baseline multimorbidity (defined as having two or more chronic medical conditions) and functional impairment (reporting difficulty with one or more activity of daily living [ADL] including dressing, bathing, eating, transferring, and toileting) were measured because of their association among older adults with increased risk of acute care utilization [9, 10, 20] . Additional geriatric factors were also assessed at baseline including a recent fall (self-report of a fall in the last month), mobility impairment (requiring a mobility-assistive device [cane, walker, or wheelchair]), incontinence (a response of Byes^to the question, BIn the last month, have you lost any urine beyond your control?^), and being very concerned about Bstaying safe^after release from jail (8 or higher on a scale of 1-10).
Symptoms
Symptoms (e.g., pain, anxiety, shortness of breath) a r e c o m m o n ri s k f a c t o r s f o r E D u s e i n community-dwelling older adults [10, 13] . We assessed pain at baseline using the brief pain inventory (any pain in the last week beyond Bminor headaches, sprains, or toothaches^). We assessed other baseline physical symptoms using the validated Memorial Symptom Assessment Scale (MSAS), which has been used with vulnerable populations, including those with HIV, substance dependence, and mental illness [40, 41] .
Additional forms of distress were also assessed at baseline, including psychological distress (Bdepressive symptoms^defined as a positive score on the PHQ-2 and/or Banxiety symptoms^defined as a positive score on the GAD-2 [42] ), loneliness (one or more positive responses on the validated three-item loneliness scale [43] ), and existential distress (reporting that any one of the ten measures of distress in the patient dignity inventory [44] constituted a Bmajor^or Boverwhelming^prob-lem). The patient dignity inventory is a 25-item questionnaire developed to inform the clinical provision of palliative care for seriously ill patients on the part of health providers, social workers, pastoral care providers, and others. As such, it is descriptive and not a validated screening tool. This study includes ten items from the patient dignity inventory that we believed would be most relevant outside the context of serious illness. Based on prior work showing the high prevalence of unique forms of existential distress among older prisoners [45] [46] [47] , we also assessed two additional measures: BFear of dying in jail or prison instead of as a free person,^and BFeeling like you have missed out on things or relationships in life because of alcohol or substance abuse.Â nalysis Baseline participant demographics, health, behavioral health, and health-related social factors were analyzed using descriptive statistics. We used chisquare tests to determine the association of baseline sociodemographics, chronic health conditions, geriatric conditions, distressing symptoms, behavioral health, and health-related social factors with any ED use over the 6-month study period. Analyses were performed using Stata, version 12 software (StataCorp, College Station, TX). Study data were collected and managed using REDCap electronic data capture [48] .
Results
Participant Characteristics
During the study period, 158 adults were arrested and detained for 48 h or more and met eligibility criteria. Of these, 13 (8%) were released prior to being contacted and 15 (10%) declined to participate, resulting in 130 (82%) recruited to the study. Of these 130 participants, 5 (3.8%) were excluded: 4 could not provide informed consent via the teach-to-goal process and 1 violated the study protocol during the baseline interview and was withdrawn from the study. This resulted in the enrollment of 125 participants. During the 6-month follow-up period, 5 (4%) were transferred to state prison and could not continue with the study, 3 (2.4%) left the jurisdiction and could not come to the study center for an interview, and 16 (12%) were lost to follow-up. This resulted in a sample size of 101 (87%) participants who either completed the study (99) or died (2) by the time of their 6-month interview. Of 606 potential monthly check-in or follow-up interviews to report healthcare utilization between study contacts for this cohort, participants completed 508 (84%). All participants completed at least two contacts, and 88 (87%) completed three or more of six possible monthly check-in or follow-up contacts. Nearly all (93 and 92%) participants were released to the community during their participation in the study.
Socio-demographics
The mean age of participants was 60 years (range 55-87). Most were male (93%) and black (65%). The majority (85%) had annual incomes below the Medicaid eligibility cutoff (< $15,000). More than half (54%) had experienced recent homelessness.
Medical and Behavioral Health
Medical conditions were common among participants, including hypertension (62%), hepatitis C (48%), and arthritis (43%) ( Table 1 ). Overall, 44% had a serious mental illness. Drug use was endorsed by 69% and problem alcohol use by 40%.
Geriatric Conditions
Over half of participants experienced multimorbidity (61%), and 57% reported one or more ADL impairment.
A fall in the past month was experienced by 33%, and 47% required the use of assistive devices for ambulation. One fourth (26%) reported incontinence. Thirtynine percent reported being very concerned about their safety following release from jail. Loneliness was endorsed by 46% of participants.
Symptoms
Many participants reported symptomatic distress: 52% experienced pain, and 46% reported at least one nonpain distressing physical symptom, with difficulty in sleeping (14%), itching (10%), lack of energy (8%), and shortness of breath (8%) among the most common. Nearly one in four participants (24%) had symptoms of Very concerned defined as 8 or greater on a ten-point scale l Assessed pain using the brief pain inventory m Defined as a positive score on the PHQ-2 n Defined as a positive score on the GAD-2 o One or more positive responses on the validated three-item loneliness scale p Any one of the ten measures of distress in the patient dignity inventory constituted a Bmajor^or Boverwhelming^problem depression and 30% of anxiety while 54% reported one or more symptom of existential distress including, most commonly, Bfear of dying in jail rather than as a free person^(25%), and a feeling that they had Bmissed out on things or relationships in life because of alcohol or substance abuse^(31%).
Emergency Department Use
At 6 months, 46 (46%) participants had used the ED at least once, including 2 of 8 (25 and 4% of all ED users) participants who remained in jail throughout their study participation, and 21% visited multiple times. During the same time period, 39 (42%) of the 93 participants who were released to the community during the study reported visiting a community clinic (Fig. 1) . In bivariate analyses, those with one or more ED visit were more likely to have a diagnosis of hepatitis C virus (HCV) (28 vs. 20%, p = 0.01) or hypertension (76 vs. 51%, p = 0.01) and report distressing pain (71 vs. 36%, p < 0.001). They were also more likely to report geriatric conditions, including functional impairment (70 vs. 47%, p = 0.02), a recent fall (43 vs. 24%, p = 0.03), mobility impairment (65 vs. 31%, p < 0.001), multimorbidity (76 vs. 49%, p = 0.01), incontinence (36 vs. 18%, p = 0.05), loneliness (57 vs. 36%, p = 0.04), and safety concerns (52 vs. 27%, p = 0.01) ( Table 1) . Participants who visited the ED were more likely to report visiting a community clinic in the same time period compared to those who did not visit the ED (52 vs. 27%, p = 0.01).
Discussion
In this study of ED use among older jail inmates with an average age of 60, we found a rate of 6-month ED use (46%) similar to that found among older adults in the last month of life (51%) [49] and more than double the rate of 1-year ED use (19.1%) found in a nationally representative sample with a similar average age (59.6 years) [50] and among all Americans 65 years or older (22%) according to the Centers for Disease Control [51] . This finding supports other studies showing that criminal justice-involved individuals are at high risk for post-release ED use. For example, an intervention study of adults with an average age of 43 years, who were transitioning to the community from state prison (where they would have served sentences of at least 1 year), found a 1-year ED use rate of 39% for those in the control group [22] . We also found that select chronic conditions, multiple geriatric conditions, pain, and loneliness were each common and associated with 6-month ED use. The significant association of many geriatric conditions with ED use in this study (e.g., incontinence, loneliness) reflects the fundamental impact that these same syndromes have been shown to have on health and healthcare utilization among older adults in many other studies [52] [53] [54] . This study adds support to those findings and suggests that despite a relatively young average age, geriatric conditions among older adults in jail are also indicators of poor overall health and healthcare utilization. Taken together, these results suggest that a multifaceted, interdisciplinary approach to care-rather than attention to one specific disease or area of need-is required to address the healthcare needs and high rates of ED use among the growing number of high-need, high-cost older adults cycling in and out of jails [55] .
These findings also underscore the importance of assessing older adults in jail for geriatric conditions even at relatively young ages. Participants with an average age of 60 experienced multimorbidity, pain, and functional impairment at rates similar to those found in community-dwelling adults with a median age of 75 [56] . Geriatric conditions were common and represented the majority of health-related conditions associated with 6-month ED use. Participants also reported a high burden of non-pain symptoms across multiple domains, including existential distress, loneliness, depression, and anxiety. The high proportion of participants reporting concern for their post-release safety further underscores the complex health-related challenges that they face, as neighborhood safety, for example, is associated with functional decline in older adults [57] . Taken together, these findings point to a chronically ill and functionally impaired population that is often managing distressing symptoms with limited financial or social support and reinforce the notion that older adults in the criminal justice system in their 50s should be considered Bgeriatric^from a medical perspective [2] [3] [4] [5] .
This study found that pain among older jail inmates is associated with future ED use just as it is among nonincarcerated older adults [13, 14] . This highlights a challenge in jails, where pharmacological treatment of pain may be complicated by concerns about diversion and abuse [14, 58] . The association between pain and future ED use suggests a pressing need for improved approaches to addressing pain in this population-perhaps through expansion of access to nonpharmacological treatment or improved prescribing guidelines for patients with complex chronic disease and a concurrent history of substance use disorder. Programs that proactively connect inmates to appropriate pain management resources upon release may also help reduce this population's reliance on emergency departments for pain management [14] .
This study also demonstrated an association between two chronic health conditions-HCV and hypertension-and ED use. The association between HCV and ED use emphasizes the urgent need for a global response to HCV by correctional health systems [59] [60] [61] . It is estimated that up to 40% of US prisoners are infected with HCV [62] . The Center for Disease Control recommends universal testing of older adults born between 1945 and 1965 [59, 63] , a recommendation that correctional health systems should heed as the number of incarcerated older adults continues to grow [59, 64] . This study adds evidence to support calls for enhanced attention to the healthcare needs of patients with HCV in jails and during their community reentry. In the case of hypertension, while it is not likely that hypertension led to ED use, the presence of a diagnosis of hypertension among ED users may suggest that this population is accessing health care (enough to be diagnosed as hypertensive). Indeed, participants with ED use were significantly more likely to visit community clinics than those who did not visit an ED. This could suggest that much of the ED use observed in this study would not have been averted through greater access to community clinics. As such, the existence of a strong clinic safety network, as currently exists in San Francisco [65] , and expanded Medicaid enrollment, as is promised by the Affordable Care Act, may be insufficient to reduce ED use and improve health outcomes in this population absent targeted interventions that engage patients in wrap-around programs designed to meet their social, behavioral, and healthcare needs concomitantly.
There are several limitations to consider when interpreting these results. This study was conducted in one urban jail system with a relatively low incarceration rate (172.6 per 100,000 adults in San Francisco compared to the average for 58 California counties of 247.1), which may limit its generalizability. However, since this community uses incarceration more sparingly than many others and offers access to a robust clinic network and universal insurance to low-income patients in need of preventive or non-emergency acute care, the high rates of post-jail ED use found in this study likely underestimate rates occurring in other communities. Similarly, we excluded a likely substantial number of older adults who left jail within 48 h of their incarceration, most of them because they were ordered released at their first court hearing or were able to post monetary bail. However, the ultimate aim of this study is to better understand the healthcare needs and utilization patterns of the growing number of older adults relying on jails and community safety-net health systems for their care. As a result, we believe the 48-h eligibility criterion resulted in a more representative sample than had enrollment into the study occurred, for example, within hours of incarceration. In addition, measures of existential distress in this study have not been validated outside of a palliative care setting. However, the high number of older adults experiencing ED use concurrent with chronic illness, multiple geriatric conditions, and loneliness suggests that existential distress is an appropriate domain of inquiry in this and future research investigating the needs of this population. Last, this study, the first of its kind to enroll and follow older adults in jail and following their release, had a relatively small sample size, limiting our ability to assess confounding factors. However, our findings describe a high prevalence of co-occurring medical, geriatric, symptomatic, and social vulnerabilities in this population alongside a high rate of ED use in an understudied population. The findings from this exploratory study thus underscore the need for a multifaceted care model to meet the complex needs of this population, for future research to better understand the complex relationships between health domains and health care utilization in this population, and to help target emerging models of care.
Overall, this study suggests that jail is an important healthcare site for the routine assessment of geriatric conditions among individuals age 55 or older and an important site to target efforts to reduce ED use in an understudied population of high utilizers. Results of geriatric assessments could then guide services and care during incarceration and inform planning for transitions to the community. Integrated care models that incorporate symptom management and geriatric care, such as the home-based GRACE program [66] , have demonstrated cost savings and improved health outcomes in medically vulnerable low-income older adults outside of the criminal justice system. Such models, appropriately adapted for the high rate of homelessness in this population, may also improve outcomes for older adults in correctional institutions, nearly all of whom will eventually be returning to the community [67] . Because physical, social, and psychological symptoms are complex, particularly in the presence of multimorbidity and multiple geriatric conditions, future research with larger studies should explore interactions between relevant factors, for example, to assess how loneliness might mediate the role that physical symptoms play in these older adults' ED use or how injection drug use mediates the connection between HCV and ED use. This study is the first to describe model methods for enrolling and following this understudied population in larger future studies. As communities increasingly invest in services for persons returning from jail, this study underscores the importance of developing jail and transitional care programs specifically targeted to meet the health-related needs of the growing population of criminal justiceinvolved older adults.
